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(54) DRYER

(57)  Adryer includes a cylinder (11), a heater (12),

a motor (13), a temperature sensor (14) and a controller 12 13
(15). The heater (12) heats air and delivers the heated
air into the cylinder (11). The motor (13) is used to drive Al ———=

the cylinder (11) to rotate. The temperature sensor (14)
includes aninfrared array sensor (14 1) and a signal proc-
essor (142). The infrared array sensor (141) is used to 14
sense an infrared light radiated from clothing and output
a sensing signal. The signal processor (142) is used to ———>A0
process the sensing signal to obtain at least one of a
temperature (S31, S33, S75) distribution uniformity and
an average temperature (S31, S33, S75) of the clothing,
and output a control signal according to the at least one
ofthe temperature (S31, S33, S75) distribution uniformity
and the average temperature (S31, S33, S75) of the
clothing. The controller (15) determines to stop the drying 15
schedule according to the control signal. The Fig. 1
above-mentioned dryer can stop the drying schedule au-
tomatically, so as to save energy.
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Description
BACKGROUND OF THE INVENTION
1. FIELD OF THE INVENTION

[0001] The present invention relates to a dryer, and
more particularly to a dryer having a function for detecting
temperature.

2. DESCRIPTION OF THE PRIOR ART

[0002] Among the general household-consumed elec-
tricity, the consumed electricity of a dryeris only less than
the consumed electricity of an air conditioning system,
and the consumed electricity of the dryer is 2-4 times of
that of a washing machine or double of that of an energy-
saving refrigerator. Thus, reducing the consumed elec-
tricity of the dryer is a positive demand for saving house-
hold-consumed electricity. However, as to the traditional
dryer, a drying time is mostly determined by the user
according to own experience. If the drying time is up and
the clothing is still not dried, then the user has to set the
drying time again to have the clothing dried. It may be
understood that the user will usually set a longer drying
time to make sure that the clothing can be dried com-
pletely. As a result, the clothing may be dried excessively
and energy may be wasted.

[0003] A traditional dryer has a resistive humidity sen-
sor disposed within the cylinder. When the clothing is
contacted with the resistive humidity sensor, the resistive
humidity sensor can sense the humidity of the clothing,
such that the controller can determine if the drying sched-
ule has to be ended. However, the dryer adopting the
resistive humidity sensor has the following shortcomings:
(1) The resistive humidity sensor is apt to be polluted by
the cotton, so that the resistive humidity sensor cannot
be contact with the clothing completely. Thus, a wrong
judgment that the clothing has been dried happens, and
a false signal is output. As a result, the user needs to
restart the drying schedule, and the extra energy con-
sumption happens. (2) In order to avoid a false signal to
be produced, the user often needs to clean the resistive
humidity sensor, which causes inconvenience in use. (3)
When the amount of the clothing is less, the clothing may
not be contact with the resistive humidity sensor or be
poor contact with the resistive humidity sensor, so that a
false signal is output. (4) When the clothing of different
properties (such as cotton/chemical fiber, small/large
clothing or thick/thin clothing) is mixed and dried, the re-
sistive humidity sensor cannot distinguish accurately
whether all the clothing within the cylinder has been dried
completely.

[0004] If it cannot be determined correctly that all the
clothing has been dried completely, the user may aban-
donthe automatic drying schedule and operate manually,
which may consume more electricity. The above-men-
tioned shortcomings may not be overcome even by dis-

10

15

20

25

30

35

40

45

50

55

posing a plurality of resistive humidity sensors. For this
reason, the most important goal for now is to determine
correctly that the clothing has been dried completely.

SUMMARY OF THE INVENTION

[0005] The present invention is directed to provide a
dryer, which utilizes an infrared array sensor to sense at
least one of a temperature distribution uniformity and an
average temperature of the clothing, and determines ac-
cordingly whether all the clothing has been dried com-
pletely, so as to control the dryer to automatically stop
the drying schedule and achieve the goal of saving en-
ergy.

[0006] A dryer of one embodiment of the present in-
vention includes a cylinder, a heater, a motor, a temper-
ature sensor and a controller. The cylinder is used to
receive clothing and has an opening and an air outlet.
The heater is used to heat air and deliver the heated air
into the cylinder. The motor is connected to the cylinder
to drive the cylinder to rotate. The temperature sensor
includes an infrared array sensor and a signal processor.
The infrared array sensor is used to sense an infrared
light radiated from the clothing and output a sensing sig-
nal. The signal processor is electrically connected to the
infrared array sensor to process the sensing signal to
obtain atleast one of a temperature distribution uniformity
and an average temperature of the clothing, and output
a control signal according to the at least one of the tem-
perature distribution uniformity and the average temper-
ature of the clothing. The controller is electrically con-
nected to the heater, the motor and the temperature sen-
sor and determines to stop the heater and the motor ac-
cording to the control signal.

[0007] The objective, technologies, features and ad-
vantages of the present invention will become apparent
from the following description in conjunction with the ac-
companying drawings wherein certain embodiments of
the present invention are set forth by way of illustration
and example.

BRIEF DESCRIPTION OF THE DRAWINGS
[0008]

Fig. 1 is a diagram schematically illustrating a dryer
of the first embodiment of the present invention.

Fig. 2 is a diagram schematically illustrating a tem-
perature sensor of a dryer of one embodiment of the
present invention.

Fig. 3 is a flow chart, schematically illustrating the
steps of a dryer of one embodiment of the present
invention for determining whether the clothing has
been dried completely.

Fig. 4 is a diagram schematically illustrating a dryer
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of the second embodiment of the present invention.

Fig. 5 is a diagram schematically illustrating a dryer
of the third embodiment of the present invention.

Fig. 6 is a diagram schematically illustrating a dryer
of the fourth embodiment of the present invention.

Fig. 7 is a flow chart, schematically illustrating the
steps of a dryer of another embodiment of the
present invention for determining whether the cloth-
ing has been dried completely.

Fig. 8 is a diagram schematically illustrating a dryer
of the fifth embodiment of the present invention.

Fig. 9 is a diagram schematically illustrating a dryer
of the sixth embodiment of the present invention.

DESCRIPTION OF THE PREFERRED EMBODIMENT

[0009] Various embodiments of the present invention
will be described in detail below and illustrated in con-
junction with the accompanying drawings. In addition to
these detailed descriptions, the present invention can be
widely implemented in other embodiments, and apparent
alternations, modifications and equivalent changes of
any mentioned embodiments are all included within the
scope of the present invention and based on the scope
of the Claims. In the descriptions of the specification, in
order to make readers have a more complete under-
standing about the present invention, many specific de-
tails are provided; however, the present invention may
be implemented without parts of or all the specific details.
In addition, the well-known steps or elements are not
described in detail, in order to avoid unnecessary limita-
tions to the present invention. Same or similar elements
in Figures will be indicated by same or similar reference
numbers. It is noted that the Figures are schematic and
may not represent the actual size or number of the ele-
ments. For clearness of the Figures, some details may
not be fully depicted.

[0010] Referring to Fig. 1, a dryer of one embodiment
of the present invention includes a cylinder 11, a heater
12, a motor 13, a temperature sensor 14 and a controller
15. The cylinder 11 has an opening 111 and an air outlet
112. The clothing that needs to be dried may be put into
the cylinder 11 through the opening 111. The heater 12
may heat the input air Al, and the heated air HA may be
delivered into the cylinder 11 to heat the clothing, such
that the water in the clothing may be evaporated and the
clothing may be dried. The air AO in the cylinder 11 that
contains much moisture may be discharged through the
air outlet 112 of the cylinder 11. It can be understood that
those skilled in the art may know that disposing a drawing
device may improve the efficiency of the air flow, which
is not the main subject matter of the present invention
and therefore, is not described here. The motor 13 is
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connected to the cylinder 11 to drive the cylinder 11 to
rotate. When the cylinder 11 rotates, the cylinder 11 can
tumble the clothing within the cylinder 11, such that all
the clothing within the cylinder 11 may be heated evenly.
It is needed to be explained that, in the embodiment de-
picted in Fig. 1, the heated air HA is delivered into the
cylinder 11 through the opening 111, whichis only asche-
matic description and can not be used to limit the present
invention.

[0011] Referring to Fig. 2 in conjunction, the tempera-
ture sensor 14 includes an infrared array sensor 141 and
a signal processor 142. The infrared array sensor 141
may sense an infrared light radiated from the clothing
within the cylinder 11 and output a sensing signal SS.
The signal processor 142 is electrically connected to the
infrared array sensor 141. The signal processor 142 may
process the sensing signal SS outputby the infrared array
sensor 141 to obtain at least one of a temperature distri-
bution uniformity and an average temperature of the
clothing within the cylinder 11. The signal processor 142
may determine that whether the clothing within the cyl-
inder 11 has been dried completely according to at least
one of the temperature distribution uniformity and the av-
erage temperature of the clothing, and output a control
signal CS accordingly. The controller 15 is electrically
connected to the heater 12, the motor 13 and the tem-
perature sensor 14. The controller 15 may determine to
stop the heater 12 and the motor 13, i.e., stop the drying
schedule, or adjust the drying parameters, such as the
wind speed or the drying temperature, etc. according to
the control signal CS output by the temperature sensor
14.

[0012] In one embodiment, the infrared array sensor
141 may be a thermopile array sensor. For example, the
infrared array sensor 141 includes a thermopile array
sensing element 141a and a thermistor 141b. The ther-
mopile array sensing element 141a and the thermistor
141b output a sensing signal SS to the signal processor
142 respectively. The thermopile array sensing element
141a may be a two-dimensional array sensor, such as 8
x 8, 16 x 16 or 32 x 32 pixels, etc. The thermistor 141b
may compensate for the thermopile array sensing ele-
ment 141a to obtain a more accurate sensing result.
[0013] The signal processor 142 outputs a pixel selec-
tion signal PS to the thermopile array sensing element
141a, the thermopile array sensing element 141a outputs
the sensing signal SS of the selected sensing pixel to a
preamplifier 142a, and the sensing signal SS after am-
plified is input to a microcontroller 142b. A digital-analog
converter built in the microcontroller 142b converts the
sensing signal SS output by the thermopile array sensing
element 141a into a digital signal. Likewise, the resist-
ance of the thermistor 141b is also converted through
the digital-analog converter built in the microcontroller
142b, so as to obtain the environment temperature. A
non-volatile memory 142c may be used to store the pa-
rameter values of the thermopile array sensing element
141a and the thermistor 141b, which may be used to
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calculate the value of the measured temperature. A com-
munication interface 142d may be used to output the con-
trol signal CS to the controller 15. For example, the com-
munication interface 142d may be the |,C, USB, UART,
analog voltage output or logic 10 output. It can be under-
stood that the non-volatile memory 142c and the com-
munication interface 142d may be integrated into the mi-
crocontroller 142b, such as the microcontroller
STM8L151G6U6.

[0014] In one embodiment, the temperature sensor 14
further includes a lens 143 disposed at a receiving end
of the infrared array sensor 141. The lens 143 is used
for the imaging of the thermopile array sensing element
141a. The focal length of the lens 143 and the size of the
thermopile array sensing element 141a may determine
a sensing angle of the infrared array sensor 141 that is
used to receive the infrared light. For example, the sens-
ing angle of the infrared array sensor 141 is less than or
equal to 90 degrees. Preferably, the sensing angle of the
infrared array sensor 141 is between 45 and 90 degrees.
It can be understood that a material of the lens 143 must
be transmissible for the infrared light. For example, the
material of the lens 143 may be silicon or germanium,
which is transmissible for the infrared light having a wave-
length of 1-12 wm. In one embodiment, the lens 143 is a
siliceous Fresnel lens.

[0015] In one embodiment, the temperature sensor 14
further includes a protective cover 144 disposed at the
receiving end of the infrared array sensor 141. For ex-
ample, the infrared array sensor 141 and the signal proc-
essor 142 are disposed within a housing 145, and the
infrared array sensor 141 receives the infrared light
through a window of the housing 145. The protective cov-
er 144 is disposed on the window of the housing 145 to
protect the related elements of the temperature sensor
14. In one embodiment, a material of the protective cover
144 may be High Density Polyethylene (HDPE).

[0016] It can be understood that the temperature sen-
sor 14 receives the infrared light radiated from the cloth-
ing within the cylinder 11 to measure the temperature
information. Thus, the temperature sensor 14 does not
need to be contact with the clothing within the cylinder
11. In other words, the disposing position of the temper-
ature sensor 14 is more elastic, and a false signal due
to poor contact with the clothing (such as cotton accu-
mulation or less clothing) can be avoided. For example,
the temperature sensor 14 may be disposed at a side
(inside the cylinder 11) of the window at the air outlet 111
of the cylinder 11. In addition, the infrared light can trans-
mit through cotton and not be shaded by cotton. There-
fore, even if cotton is accumulated on the window, it can
never affect the reception of the infrared light by the tem-
perature sensor 14.

[0017] Referring to Fig. 3, a method for the dryer of the
present invention to determine that whether the clothing
has been dried completely is described. After the drying
schedule starts, determine that whether the average tem-
perature of the clothing within the cylinder 11 is more
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than or equal to a first temperature (S31), such as 40
degrees Celsius. If the average temperature has not
reached 40 degrees Celsius, then repeat the step S31.
When the average temperature has reached 40 degrees
Celsius, it means that the clothing within the cylinder 11
has been preliminarily dried. Because a thickness of a
sewing place of the clothing is thicker, especially for the
jeans, the sewing place may not be dried easily. At this
point, it is needed to determine that whether the temper-
ature distribution uniformity of the clothing is less than or
equal to afirst set value (S32). For example, in the tem-
perature distribution image, a temperature difference be-
tween a place having the highesttemperature and a place
having the lowest temperature should be less than a pre-
set value, which means that the place having the lowest
temperature is also starts to gradually heat up and ap-
proach the temperature of the place having the highest
temperature or the drying temperature. If the temperature
distribution uniformity is more than the first set value,
then repeat the step S32. If the temperature distribution
uniformity has reached the first set value, then determine
that whether the average temperature of the clothing
within the cylinder 11 is more than or equal to a second
temperature (S33), such as 50 or 55 degrees Celsius. If
not, then repeat the step S33. If the average temperature
of the clothing within the cylinder 11 has reached the
second temperature, it means that the clothing has been
dried completely, and at this point, the drying schedule
may be ended, i.e., stop heating and rotating the cylinder
11. It should be noted that the above-mentioned method
to determine that whether the clothing has been dried
completely is only an example. Those skilled in the art
may modify the above-mentioned steps to achieve the
purpose of determining that whether the clothing has
been dried completely. For example, determining that
whether the clothing has been dried completely may be
only based on the average temperature or the tempera-
ture distribution uniformity of the clothing.

[0018] Referringto Fig. 4, in one embodiment, the dry-
er of the present invention further includes a weight sen-
sor 16 electrically connected to the controller 15. In the
embodiment shown in Fig. 4, the weight sensor 16 is
directly connected to the controller 15, but is not limited
to this. The weight sensor 16 may be electrically con-
nected to the temperature sensor 14 as well, and the
sensing signal output by the weight sensor 16 may be
output to the controller 15 via the temperature sensor 14.
The weight sensor 16 may measure a weight of the cloth-
ing within the cylinder 11, and the controller may estimate
a water content of the clothing according to the weight
of the clothing. For example, the dryer of the present
invention may integrate the washing function, i.e., include
the water-washing, dehydrating and drying functions. At
this point, before washing, the weight sensor 16 may
measure a dry weight of the clothing. After the washing
and dehydrating schedule, the weight sensor 16 may
measure a wet weight of the clothing. The difference be-
tween the wet weight and the dry weight of the clothing
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is the more accurate water content of the clothing. Then,
a more accurate drying time may be estimated according
to the water content of the clothing and the drying ability
of the dryer. It is needed to be explained that the water
content of the clothing may be estimated only according
to the wet weight of the clothing. For example, the bibu-
lous rate of the clothing of different materials, i.e., the
percentage of the water content of the cotton and chem-
ical fiber clothing of unit weight after dehydration, may
be obtained according to the experimental results. Based
on the material proportion of the to-be-dried clothing set
by the user before drying, such as 80% cotton and 20%
chemical fiber or 50% for each, and based on the wet
weightinformation of the clothing measured by the weight
sensor 16, the water content of the to-be-dried clothing
may be estimated roughly, so that the drying time for
drying the clothing may also be estimated and used as
a reference for the user.

[0019] Referring to Fig. 5, in one embodiment, the dry-
er of the present invention further includes a digital tem-
perature and humidity sensor 17 disposed at the air outlet
112 of the cylinder 11 and electrically connected to the
controller 15. The digital temperature and humidity sen-
sor 17 may measure a temperature and a humidity of the
discharged air AO. The controller 15 may calculate the
water contentin unit volume according to the temperature
and the humidity of the discharged air AO measured by
the digital temperature and humidity sensor 17. Assume
that the wind speed is constant, and the controller 15
may calculate the volume of the discharged air AO dis-
charged in unit time and the water content thereof, i.e.,
a drying rate. Calculating the drying rate in real time may
help to estimate a more accurate drying time. It can be
understood that, referring to Fig. 6, in a preferred em-
bodiment, the dryer of the present invention may include
both the weight sensor 16 and the digital temperature
and humidity sensor 17. The controller 15 may obtain the
water content of the clothing and the real-time drying rate
and calculate a very accurate drying time needed, so that
the user may arrange her time efficiently according to the
remaining drying time needed.

[0020] Referringto Fig. 7, another method for the dryer
of the present invention to determine that whether the
clothing has been dried completely is described. First,
estimate the water content of the clothing according to
the weight information measured by the weight sensor
16 (S71). Preferably, measure the dry weight and the wet
weight of the clothing, so that a more accurate water con-
tent of the clothing may be obtained. Additionally, the
increasing amount of the water content of the clothing
may be used to determine the material of the clothing.
For example, more cotton clothing contained may in-
crease more water content. On the other hand, more
chemical fiber clothing contained may increase less wa-
ter content. Then, determine that whether the water con-
tent of the clothing is less than or equal to a second set
value (S72). If not, then repeat the step S72. If the water
content of the clothing is less than or equal to the second
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set value, determine that whether the cotton content of
the clothing is more than or equal to a third set value
(S73). If the cotton content of the clothing is more than
or equal to the third set value, it means that more cotton
clothing is contained, and thus, perform the step S74 to
determine that whether the temperature distribution uni-
formity of the clothing is less than or equal to a first set
value. If the temperature distribution uniformity of the
clothing is not less than or equal to the first set value,
then repeat the step S74. If the temperature distribution
uniformity of the clothing is less than or equal to the first
set value, then determine that whether the average tem-
perature of the clothing is more than or equal to a second
temperature (S75). If the average temperature of the
clothing is not more than or equal to a second tempera-
ture, then repeat the step S75. Ifthe average temperature
of the clothing is more than or equal to the second tem-
perature, it means that the clothing has been dried com-
pletely and the drying schedule may be ended.

[0021] Returning to the step S73, if the cotton content
of the clothing is less than the third set value, it means
that more chemical fiber clothing is contained, and then
perform the step S76. Because the chemical fiber cloth-
ing may be dried more easily, determining that whether
the average temperature of the clothing is more than or
equal to a third temperature may directly determine that
whether the clothing has been dried completely. If the
average temperature of the clothing is more than orequal
to the third temperature, then the drying schedule may
be ended. It should be noted that the determining steps
shown in Fig. 7 may be added, deleted or modified, and
the purpose of determining whether the clothing has been
dried completely may be achieved without departing from
the scope of the present invention.

[0022] Referringto Fig. 8, in one embodiment, the dry-
er of the present invention further includes a condenser
18 disposed at the air outlet 112 of the cylinder 11. The
condenser 18 may condense the moisture WO in the
discharged air AO and discharge it through a preset line
altogether. As a result, the discharged air AO that con-
tains a lot of moisture may be avoided to be directly dis-
charged into the house, which may cause the house
damp.

[0023] Referringto Fig. 9, in one embodiment, the dry-
er of the present invention further includes a heat ex-
changer 19 disposed at the air outlet 112 of the cylinder
11. The heat exchanger 19 may recycle the thermal en-
ergy of the discharged air AO for some appropriate ap-
plications. Forexample, the recycled thermal energy may
be used to preheat air, and the preheated air PHA may
be heated to a preset temperature with the heater 12 and
delivered into the cylinder 11, so that the energy con-
sumption of the heater 12 may be reduced. Or, the recy-
cled thermal energy may also be applied to the warming
air function of the air conditioning system.

[0024] To sum up the foregoing descriptions, the dryer
of the present invention utilizes an infrared array sensor
to sense at least one of a temperature distribution uni-
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formity and an average temperature of the clothing with-
out contact with the clothing, and determines accordingly
that whether all the clothing has been dried completely.
Therefore, the dryer of the present invention may avoid
afalse signal due to the poor contact between the clothing
and the sensor (such as cotton accumulation or less
clothing). Moreover, even if cotton is accumulated on the
sensing window, it can never affect the reception of the
infrared light by the temperature sensor, and a precise
measurement result can be obtained. Therefore, the dry-
er of the present invention may accurately determine that
whether the clothing has been dried completely, so as to
automatically stop the drying schedule and achieve the
effect of saving energy.

Claims
1. Adryer characterized by comprising:

a cylinder (11) receiving clothing and having an
opening (111) and an air outlet (112);

a heater (12) heating air and delivering the heat-
ed air into the cylinder (11);

a motor (13) connected to the cylinder (11) to
drive the cylinder (11) to rotate;

a temperature sensor (14) comprising:

an infrared array sensor (141) sensing an
infrared light radiated from the clothing and
outputting a sensing signal (SS); and

a signal processor (142) electrically con-
nected to the infrared array sensor (141) to
process the sensing signal (SS) to obtain at
least one of a temperature distribution uni-
formity and an average temperature of the
clothing, and output a control signal (CS)
according to the at least one of the temper-
ature distribution uniformity and the aver-
age temperature of the clothing; and

a controller (15) electrically connected to the
heater (12), the motor (13) and the temperature
sensor (14) to determine to stop or adjust the
heater (12) and the motor (13) according to the
control signal (CS).

2. Thedryer according to claim 1, wherein the temper-
ature sensor (14) comprises a lens (143) disposed
at a receiving end of the infrared array sensor (141)
to limit a sensing angle of the infrared array sensor
(141) that is used to receive the infrared light.

3. Thedryer according to claim 2, wherein the sensing
angle is less than or equal to 90 degrees.

4. The dryer according to claim 2, wherein a material
of the lens (143) is silicon or germanium.
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5. The dryer according to claim 2, wherein the lens
(143) is a siliceous Fresnel lens.

6. The dryer according to claim 1, wherein the temper-
ature sensor (14) comprises a protective cover (144)
disposed at a receiving end of the infrared array sen-
sor (141).

7. The dryer according to claim 6, wherein a material
of the protective cover (144) is High Density Poly-
ethylene (HDPE).

8. The dryer according to claim 1, wherein the infrared
array sensor (141) comprises a thermopile array
Sensor.

9. The dryer according to claim 1, wherein the infrared
array sensor (141) comprises a thermopile array
sensing element (141a) and a thermistor (141b).

10. The dryer according to claim 1, further comprising:

a weight sensor (16) electrically connected to
the controller (15) to measure a weight of the
clothing, wherein the controller estimates a wa-
ter content of the clothing according to the
weight of the clothing.

11. The dryer according to claim 10, further comprising:

a digital temperature and humidity sensor (17)
disposed at the air outlet (112) of the cylinder
(11) and electrically connected to the controller
(15), wherein the controller (15) estimates adry-
ing time according to a temperature and a hu-
midity of a discharged air (AO) measured by the
digital temperature and humidity sensor (17)
and the water content of the clothing.

12. The dryer according to claim 1, further comprising:

a digital temperature and humidity sensor (17)
disposed at the air outlet (112) of the cylinder
(11) and electrically connected to the controller
(15), wherein the controller (15) estimates adry-
ing rate according to a temperature and a hu-
midity of a discharged air (AO) measured by the
digital temperature and humidity sensor (17).

13. The dryer according to claim 1, further comprising:
acondenser (18) disposed at the air outlet (112)
of the cylinder (11) to condense the moisture of
a discharged air (AO).

14. The dryer according to claim 1, further comprising:

a heat exchanger (19) disposed at the air outlet
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(112) of the cylinder (11) to recycle a thermal
energy of a discharged air (AO).
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